Introduction
Pre-and peri-natal exposures to environmental chemicals can have significant impacts on fetal development, child health, and lifelong susceptibility to disease. For example, lifelong effects of early exposure to heavy metals including lead, mercury, and arsenic are well established [1] [2] [3] [4] [5] [6] . Exposures to other chemicals, including PCBs and phthalates, are also known or strongly suspected to affect human development [7] . Research continues to reveal significant health effects at lower exposure levels than previously thought [8, 9] . Further, many toxins travel through the placenta to the fetus and through breastmilk to the infant [10] . Low income and minority populations may be disproportionately exposed to environmental toxins, contributing to observed health disparities [11] [12] [13] [14] . Knowledge about developmental vulnerabilities to combined environmental exposures, genetic factors, and stress continues to grow.
Increased appreciation of in utero and early life environmental exposures has focused researchers' attention on the timing, nature, and extent of pregnant and breastfeeding women's environmental exposures. Some risks result from the mother's lifelong exposure to environmental chemicals; others may be modified by behavior (e.g. diet, consumer products, etc.) during pregnancy [10] . For this reason, women's pre-pregnancy environmental health literacy together with the information provided by health care professionals to pregnant women may reduce environmental health risks [15] [16] [17] [18] . Therefore, knowing pregnant women's exposure to, understanding of, and behaviors related to environmental health risks is important. This paper argues that PRAMS' potential to inform our understanding of women's environmental health risks-and that of their children-is currently underutilized.
The Centers for Disease Control's (CDC) Pregnancy Risk Assessment Monitoring System (PRAMS) is a survey sent to new mothers to measure perinatal health [19, 20] . PRAMS provides data to inform, improve, and evaluate efforts to reduce infant mortality and promote child health. PRAMS collects self-reported maternal behaviors and experiences that occur before, during and immediately after pregnancy including prenatal care, alcohol and tobacco use, physical abuse, family planning, maternal stress, and early infant health status. All states that participate in PRAMS ask a series of core questions. In addition to these questions, states may choose to implement additional questions approved as part of PRAMS about specific topics of local interest, including environmental health [21] . Survey response data are linked to specific data fields collected as part of the infant's birth certificate.
Potential uses of environmental information collected in the context of pregnancy are numerous. First, health care providers could help reduce fetal and infant exposure to toxins by better communication about environmental health risks and protective behaviors during pregnancy [18] . Understanding how current environmental counseling compares to other pregnancy counseling and how it varies across different populations could inform improved counseling practices. Second, information about pregnant women's environmental health-related knowledge and behaviors (e.g. lead-safe cleaning, fish consumption habits, or drinking water source) may reveal needs for public health, media, and outreach programs. Coupling environmental data with demographic information could identify women with the greatest need for such information and resources. Third, understanding the distribution of environmental risks could help efficiently target policy and public resource allocation decisions to women with the greatest needs.
In its current form, environmental health data collected via PRAMS cannot be used to achieve the above goals. Only six of the 40 states that use PRAMS include any environmental health questions [22, 23] . Each of these six states uses a different subset of environmental questions, so comparative analyses are not possible. Additionally, use of these questions has varied over time, making longitudinal analysis difficult. One notable exception is physician counseling questions about risks of mercury from fish consumption: Washington, Maine, and Oregon included these questions in their PRAMS from 2004 to 2011. However, we found no peer-reviewed publications reporting results of these questions or other PRAMS environmental health data.
This study explored the potential for PRAMS to address three questions about how environmental risks relate to women's demographic characteristics, geographic location, and personal situations (e.g. housing type, drinking water source, etc.):
1. How are environmental health risks distributed? 2. What is the nature and impact of health care providers' counseling practices? 3. How do women's knowledge of and behavior related to environment risks vary?
We analyzed responses to environmental health questions collected through a modified PRAMS survey of women in one upstate New York county who gave birth between May 2009 and May 2011. These analyses considered potential indicators of maternal risk, including income, race, age, education, and location of residence. Our analysis suggests that PRAMS could be expanded to better document environmental health risks, related behaviors, and education needs. This paper provides a glimpse of PRAMS's potential to contribute to better understanding of perinatal environmental risks and is an important first step to developing improved systems to monitor and reduce pregnant women's exposures to environmental health risks.
Methods
In collaboration with the Monroe County Department of Public Health (MCDPH), we surveyed 1,032 randomly selected Monroe County, NY women using a modified version of the CDC's PRAMS survey (version 6) called ''Monroe County Mothers and Babies Health Survey'' (MBHS) [24] . The sampling frame included all live births to mothers residing in Monroe County. Each month, a stratified randomized sampling procedure identified mothers to receive the survey. Sampling procedures oversampled low income mothers (LIM) defined as either having a Medicaid-funded delivery or receiving WIC prenatally. This study was reviewed by the University of Rochester Research Subjects Review Board (RSRB00019220).
The survey was mailed to the mothers at approximately 4 months post-partum, followed, as needed, by a second mailing and then phone call over a 4-5 week follow-up [24] . The 1,022 usable surveys, after merging with birth certificate data, were weighted to reflect the true distribution of high-and low-income births in Monroe County. The mothers giving birth in this county, while not representing the full range of diversity in the United States, are heterogeneous across key characteristics relevant to environmental health issues including urban, suburban and rural, socioeconomic status, and race and ethnicity. The strategy of sampling in a smaller geographic area than the typical state-wide implementation of PRAMS allowed MBHS to explore the potential of this method to support finer-scale geographic, demographic, and time-series analysis and the resources (logistical, analytical, and financial) required by this approach.
The MBHS incorporated several environmental health questions previously included in other states' PRAMS surveys [22, 23] . These questions addressed key local concerns about environmental risks (e.g. lead in housing, mercury in fish, and drinking water contamination). Because prior research has associated rental housing and higher lead hazards, we added a non-PRAMS question about housing tenure (owner-occupied or rented) [25] .
Of the environmental questions in the MBHS (Table 1) , two questions probed whether pregnant women recalled receiving counseling about exposure to environmental toxins (''how eating fish containing high levels of mercury could affect my baby'' and ''how lead could affect my baby''). These two items were included in the multi-answer question: ''During any of your prenatal care visits, did a doctor, nurse, or other health care worker talk with you about any of the things listed below?'' The other 15 responses asked about counseling topics such as signs of labor, maternal depression, and smoking during pregnancy.
Lead poisoning risk questions included ''Was the house or apartment you live in now built after 1977?'' and ''Do you rent the house or apartment you live in now''? These questions were included because pre-1978 (the year of implementation of the federal ban on lead in residential paint in the US) rental housing (particularly that occupied by low income families) has an elevated risk of containing lead hazards [25] . Six actions were listed related to the question, ''What are you currently doing to protect your family (your children, your partner, and yourself) from lead poisoning?'' An additional question addressed water supply source (public water supply vs. private wells). Private drinking water wells are generally tested less frequently and for fewer contaminants, than are public water supplies. Therefore, in general, private wells are more likely to be a source of harmful water contaminants, such as bacteria, pesticides and heavy metals [26] .
In order to investigate the potential of MBHS to identify environmental health disparities, we divided respondents based on their likelihood of exposure. ''High environmental health risk'' (HEHR) included those women identified as low income (as defined as above), lived in an inner city zip code, and rented their home. Housing tenure and income were included because low income women who rent their homes are more likely to live in hazardous home environments and to have fewer resources (e.g. access to information, ability to relocate, financial resources to make repairs) to mitigate any risks in their physical environment [25] . We did not include women's report of living in pre-1978 housing as a HEHR characteristic because of the extent of ''do not know'' responses to this question. All non-HEHR respondents were classified as low environmental health risk (LEHR), even if they had one or two of the high risk characteristics.
We performed bivariate analyses using SAS 9.2 accounting for the complex sampling methodology, including stratification and weighting. Chi squared analyses identified (1) differences in health care provider counseling between HEHR and LEHR mothers and (2) comparison of reported lead-protective actions across different sub-groups (including age, race, education, Hispanic ethnicity, parity, income level, zip code, environmental risk status) and environmental risk factors (renter vs. owner-occupant, age of housing, source of water). We created a lead behavior index based on number of lead-protective behaviors reported. The lead behavior index was then modeled against HEHR status using a Poisson loglinear regression model, and the adjusted lead behavior indices from the two populations were reported. Additionally, using the provider counseling list, we created a counseling index from 1 to 17 based on the number of counseling topics each woman reported receiving. Table 2 includes demographic characteristics of the MBHS respondents (N = 1,022) for categories relevant to the environmental analysis. All data presented are based on the weighted response data from the MHBS to estimate the county-wide population characteristics.
Results

Environmental Health Risk Status
HEHR respondents differed significantly from the LEHR respondents with respect to many demographic characteristics. Nearly all respondents (91.7 %) were 19-39 years old; however, more women under age 19 were in the high risk (10.3 %) versus low risk (3.3 %) group. Low educational attainment (not high school graduate) was more common among HEHR respondents (32.4 % HEHR vs. 4.8 % LEHR). The HEHR group also differed by race and ethnicity from the LEHR mothers (59.2 % HEHR were home was built (vs. 16.0 % LEHR). 95 % of HEHR and 97.5 % of LEHR women reported that their home was on a public water supply system, rather than a private well. This difference may be due to the larger proportion of HEHR women who did not know their drinking water source (HEHR: 5.0 % missing or did not know vs. 1.2 % LEHR). Table 3 depicts demographic differences in mothers' recall of health care provider communications about environmental health. Response patterns between the lead and mercury questions were very different. Respondents who were HEHR, black race, lower education, rented their home, had low income, or lived in an inner-city zip code were more likely to report that their provider talked with them about how lead could affect her baby. Surprisingly, women who reported living in pre-1978 housing were not more likely to recall that a health care provider talked with them about lead than were those women who reported they did not live in older housing. Again, this finding may be due to the high percentage of HEHR women who did not know the age of their housing. Women who did not know their housing age reported more provider education related to lead. In contrast, we found no significant differences by demographics or environmental risk factors in whether women reported that their provider talked with them about how eating fish containing high levels of mercury could affect their baby.
Environmental Risk Counseling by Health Care Providers
We created a ''counseling index'' for each respondent by summing the number of issues on which she reported being counseled. In analyzing all 17 of the provider counseling questions, HEHR women reported receiving counseling about more issues than LEHR respondents [mean 13.74 vs. 11.79 for LEHR (p \ .0001)]. Similarly, a previous study found that ''high need'' population groups (defined by the researchers as reported cigarette smoking, alcohol use, not breast feeding, partner violence, or prior pre-term labor) are more likely than others to receive prenatal counseling about alcohol consumption and smoking [27] .
Because other studies have found that some populations, including racial minorities, may be more likely to give acquiescent survey responses, we explored the effect of removing respondents who answered ''yes'' to all options [28] . HEHR respondents were more likely (28.4 %) than LEHR women (20.5 %) to give positive answers to all of the counseling questions. After removing these ''all yes'' responders HEHR women still had significantly higher counseling index scores (mean 11.69 vs. 9.80, p \ .0001).
We analyzed the difference between counseling on environmental risks compared to other topics (Table 4) . Being counseled on ''how eating fish high in mercury could affect my baby'' was reported by more respondents (68.5 %) than was lead counseling (52.8 %). Lead was one of the least frequently reported counseling topics overall (lead counseling ranked 14th for HEHR; 16th for LEHR). We also compared HEHR and LEHR women's reports of counseling on each topic. Significantly more HEHR than LEHR women (68.5 vs. 48.7 %) reported hearing from a health care provider about lead. This disparity was one of the largest differences in counseling topics between HEHR and LEHR, along with alcohol, smoking, illegal drugs and partner abuse. In contrast, counseling on the risks of eating fish did not 
Lead Protective Behaviors
Responses to the six lead risk reduction behavior questions demonstrated that, excluding respondents who reported living in post-1977 housing, HEHR women were more likely than LEHR women to report running cold water for a minute before using it (Table 5 ). This behavior was also reported more frequently by women who were under 30, black race, Hispanic, non-high school graduates, renters, inner-city residents, low income, and those women who did not know the age of their housing. Washing windows, doorways, floors, and dusty areas was reported more frequently by women who had a prior birth. White and black women were more likely than women whose race was categorized as mixed or other to report eating food rich in iron and calcium, washing hands frequently and storing food in clean plastic of glass containers to reduce lead risks. We compared the number of lead protective behaviors (lead behavior index) by HEHR versus LEHR women, again excluding women who reported living in post-1977 housing. The mean lead protective behaviors index (from 1 to 6) for HEHR women was 4.8, significantly higher than for LEHR women (4.3; p \ .0001). For reasons explained above, we explored acquiescent response patterns. More HEHR respondents (30.0 %) than LEHR respondents (13.5 %) reported ''yes'' to all lead protective behaviors. After removing the ''all-yes'' respondents (index = 6), the difference became non-significant (HEHR mean index = 3.47; LEHR = 3.35 p = .09).
Discussion
The relevance of PRAMS data to our three main questions relating environmental health to other risk factors, behaviors, and demographics of new mothers is discussed below.
How are Environmental Health Risks Distributed?
Combining environmental risk questions with socioeconomic data may identify sub-populations at elevated risk for environmental exposures. However, as this analysis shows, the usefulness of self-reported environmental risks may vary by topic. For example, reported knowledge of water supply source was more common than knowledge of age of housing (2.1 vs. 26.1 % missing/do not know).
Disparities in respondent groups' knowledge about their physical environment may also exist. For example, we found that HEHR women were much less likely than LEHR women to report knowing the age of their housing. Furthermore, these reports may not be accurate. 54.2 % of the HEHR women who knew the age of their housing reported it was pre-1978; however, 87 % of the housing in Rochester was built before 1978 [29] . The proportion of pre-1978 housing is even higher in the inner city zip codes in which HEHR women reside. Women's knowledge of their water supply sources may well be accurate; health department data confirms that a very small percentage of Monroe County residents rely on non-public supplies.
Our findings shed light on PRAMS' potential to collect information on new mothers' exposure to environmental risks. Additional risks could be assessed, such as whether they live near areas with heavy truck traffic, hazardous waste sites, or industrial facilities. Although accuracy of women's knowledge about neighborhood or regional environmental risks may vary, they are likely to be able to answer questions reliably about chemicals they use in the home (e.g. cleaners, pesticides, etc.), indoor air quality (e.g. presence of asthma triggers like pets, pests and mold), and actions they currently take to reduce risks (e.g. testing for radon, use of a carbon monoxide detector, changing air filters). Coupled with demographic information, these data could inform targeted educational and policy interventions.
What is the Nature and Impact of Health Care Providers' Counseling Practices?
PRAMS environmental questions could monitor and provide guidance to health care providers about counseling practices. Our results indicate that health care providers' communication about environmental risks varies (i.e. HEHR women were more likely to report hearing about lead). Because HEHR women in Rochester are more likely than are LEHR women to live in high lead-risk housing, health care providers appropriately emphasize the risks of lead poisoning more with this group. Medical education on environmental health is often limited; however, there have been strong provider and community outreach efforts in this community. Therefore, local health care providers may be particularly likely to educate women living in older housing in poor condition.
Differences in counseling about ingesting mercury from fish were not found. This pattern is also expected for Monroe County, where rates of fish consumption are not clearly related to any of the measured demographic variables. However, in other areas where certain subpopulations are known to eat large amounts of fish (for example, Asians, recent immigrants, or anglers) health care providers may counsel women from these groups more extensively about mercury.
PRAMS could also provide information about changes in counseling practices over time. Counseling practices might change as a result of greater emphasis in medical or continuing education on environmental health, time available in pre-natal visits, community awareness or media reports about certain risks, outreach to health care providers, or resources (such as support staff, referral programs, or educational materials) on environmental health. For example, data from Oregon showed that the percentage of respondents answering ''yes'' regarding counseling on mercury increased steadily from 2004 (42.2 %) to 2008 (62.7 %) [30] . Longitudinal data about counseling practices could evaluate whether HEHR women are appropriately targeted, or a comparison regarding counseling practices could be made between states. Such analyses would require consistent implementation, reporting, and analysis of PRAMS environmental counseling questions.
Caution must be used in interpreting PRAMS environmental health counseling data, however. For example, it may be tempting to infer a causal relationship between reports of more lead counseling and higher frequency of lead-protective behaviors by HEHR in Rochester. However, for many years Rochester has had an active community outreach program on lead poisoning prevention targeting LIM in the city [31, 32] . Thus, these women may have learned about lead elsewhere. Alternately, they may engage in the ''lead protective'' behaviors for other reasons. The current PRAMS questions do not make this distinction. Thus, adding questions about sources of environmental health information (media, internet, etc.) would be valuable for designing or evaluating educational campaigns.
How Do Mothers' Knowledge of and Behavior Related to Environment Risks Vary?
While our results reveal differences among subpopulations and between different types of lead-protective behaviors, the pattern of responses was difficult to interpret. We cannot infer from these data whether women are undertaking ''lead protective behaviors'' specifically to reduce lead risk, or because of other reasons. ''Washing windows, doorways, floors and dusty areas with a wet cloth,'' ''eating foods rich in iron and calcium,'' and ''washing hands frequently'' are healthy habits for a variety of reasons unconnected to lead. Several questions are relevant only to women living in high-lead environments (e.g. ''Blocking chipped or peeling paint''). In addition, women with resources to repair paint (e.g. owner occupants who can afford to buy paint or hire painters) are unlikely to employ this approach. Similarly, ''running water for a minute before cooking or drinking'' is only a good strategy if the house contains leaded pipes and the household cannot afford pipe replacement or a filter.
Thus, the questions currently available through PRAMS may not accurately capture the most relevant lead risk reduction behaviors. Some questions are outdated or simply confusing. For example, ''Storing food in clean plastic and glass'' is a lead-protective behavior only if taken as an alternative to storing food in cans or pottery that may contain lead-which is now banned in cans in the US [33] . Given the recent media attention to the risks of BPA and phthalates in plastic containers some women who reported not storing food ''in clean plastic or glass'' may be trying to minimize exposure to chemicals in plastics, rather than to reduce lead exposure. Thus, responses to this behavioral question may have nothing to do with lead education, perceived lead risk, or actual protection of children from lead.
Improved or expanded questions based on updated lead education messages may be more effective in documenting relevant behaviors. Additional questions could be developed that address behaviors related to other important environmental risks, including asthma-related cleaning practices, household air ventilation, or pest management. Further questions might explore neighborhood-level risks, such as traffic, hazardous waste sites, or industrial facilities. Alternately, respondent addresses could be geocoded to measure proximity to known environmental hazards.
Limitations and Contributions
This study has several limitations. Issues with the available PRAMS environmental questions described above limited the conclusions we could draw about women's risk reduction behaviors. Only a small number of environmental questions were asked in the MBHS. The MBHS was only implemented in one county; environmental risks, counseling, and behaviors vary widely from place to place. For example, although medical and nursing education does not generally emphasize environmental health, health care providers in this county may be particularly sensitized to lead poisoning prevention because of strong local community outreach efforts on lead. Lastly, the environmental questions are self-report and rely on recall.
Conclusions
Environmental factors significantly affect human health. In particular, exposures to toxins during the perinatal period may influence lifelong health and susceptibility to disease. Environmental health risks are a function of both the physical (what chemicals exist in the local environment) and behavioral (actions that modify their exposure to these chemicals). Therefore, to inform policies, practices, and educational messages, we need to understand not only the geographic and demographic distribution of environmental risks, but also women's knowledge about and behaviors that modify these risks.
Our analyses show both the potential and current limitations of PRAMS for collecting information on exposure of mothers and babies to environmental risks. As an established, consistent method of collecting demographic and health information from new mothers, the PRAMS survey has unrealized potential to provide additional information about their environmental risks.
To realize PRAMS' full potential to improve environmental health, several modifications are warranted. Environmental questions could be added to ongoing PRAMS survey efforts at minimal incremental cost. First, a comprehensive effort to identify the key environmental health risks facing pregnant women in different areas is needed. Second, questions should be developed based on the best available environmental health research to measure these risks. Close collaboration between experts in maternal/ child health and environmental health experts will be needed to accomplish these goals.
Particular attention should be given to collecting data that can be compared over time and between regions, at a geographic scale that is relevant to informing local decisions. This effort should account for changes over time in understanding, distribution, and priority of diverse environmental risks. When linked with existing PRAMS data on demographics, such information could inform targeting resources, surveillance, and evaluation of programs to reduce environmental health risks.
